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7KHGLVVROXWLRQRI LURQPLQHUDOVXVLQJFKHPLFDOPHWKRGVKDV ORQJEHHQH[DPLQHGEHFDXVH WKHUHPRYDORI LURQ WR
REWDLQDVLJQLILFDQWSXULW\RITXDUW]LVFRQVLGHUHGSRVVLEOH'XHWDO7XQFXNDQG$NFLO=KDQJHWDO
 7KHVH FKHPLFDO PHWKRGV DUH XVXDOO\ VXLWDEOH IRU DFKLHYLQJ D KLJK GHJUHH RI LURQ UHPRYDO EXW WKH\ DUH
H[SHQVLYHKDYHFRPSOH[RSHUDWLQJFRQGLWLRQVDQGDUHHQYLURQPHQWDOO\KD]DUGRXV7KDW LVZK\ LW VKRXOGEHXVHG
RQO\ IRU WKH WUHDWPHQW RI KLJK JUDGH LURQ UHPRYDO IURP TXDUW] VDQGV ZLWK DQ DPRXQW RI )H2EHORZ  SSP
DFFRUGLQJ WR UHTXHVWRI LQGXVWU\RU LW VKRXOGEHXVHG LQ WKHFRPELQDWLRQZLWKSK\VLFDO DQGELRORJLFDOPHWKRGV WR
UHGXFHFRVW
+HWHURWURSKLF EDFWHULD KDYH WKH SRWHQWLDO IRU SURGXFLQJ DFLGLFPHWDEROLWHV WKDW FDQ VROXELOL]H R[LGH VLOLFDWH
FDUERQDWHDQGK\GUR[LGHPLQHUDOVE\UHGXFWLRQDFLGDWWDFNDQGFRPSOH[DWLRQPHFKDQLVPV&DUERQDWHVDQGVLOLFDWHV
FRQWDLQ QR HQHUJ\ VRXUFH IRU WKH PLFURRUJDQLVPV WR XWLOL]H 6XFK RUHV PD\ EH OHDFKHG E\ XVLQJ KHWHURWURSKLF
EDFWHULD DQG IXQJLZKLFK UHTXLUH DQ RUJDQLF VRXUFH DV DVRXUFH RI HQHUJ\ DQG FDUERQ IRU WKHLU JURZWK -DLQ DQG
6KDUPD  7KH H[WHQW RI LURQ UHPRYDO IURP LQGXVWULDO VLOLFDWH PLQHUDOV GHSHQGV RQ WKH PLQHUDORJ\ DQG
GLVWULEXWLRQRILURQLQVLOLFDWHURFNV9HJOLR
7KHSXUSRVHRIWKHSUHVHQWVWXG\ZDVWRLQYHVWLJDWHWKHHIIHFWRIPLQHUDORJLFDOFRPSRVLWLRQRITXDUW]VDQGVRQ
WKH H[WHQW RI EDFWHULDO GHFRPSRVLWLRQ RI LURQ VXUIDFH LPSXULWLHV DQG RQ WKH \LHOG RU LURQ UHPRYDO IURP GLIIHUHQW
TXDUW]VDQGV
0DWHULDOVDQGPHWKRGV
2.1. Quartz sands and equipment   
%LROHDFKLQJZDVWHVWHGXQGHUODERUDWRU\FRQGLWLRQVRQTXDUW]VDQGVRIWKHRUHâDãWtQ49\ãQê3HWURYHF4DQG
3ODFKWLQFH43DUWLDOHOHPHQWFRPSRVLWLRQRI444LVOLVWHGLQ7DEOH

7DEOH&KHPLFDOFRPSRVLWLRQRITXDUW]VDQGVVDPSOHV
&RQFHQWUDWLRQ 6L2 $O2 )H2 7L2 &D2 0J2 1D2 .2 0Q2
4         
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        
4         
7KH HOHPHQWV RI WKH VROLG VDPSOHV ZHUH DQDO\]HG RQ WKH IXVHG EHDGV XVLQJ DQ HQHUJ\ GLVSHUVLYH ;UD\
IOXRUHVFHQFHVSHFWURPHWHU6SHFWUR;/$%*HUPDQ\,QDGGLWLRQJODVVEHDGVZHUHSUHSDUHGE\IXVLRQRIWKH
VDPSOHVZLWK/L%2JGULHGVDPSOHJ/L%27KH[UD\GLIIUDFWLRQRISRZGHUHGVDPSOHVZDVFDUULHGRXW
ZLWKD6LHPHQV'GLIIUDFWRPHWHU6LHPHQV*HUPDQ\XVLQJ&X.DVUDGLDWLRQ
2.2. Laboratory bioleaching  
7KHELROHDFKLQJ H[SHULPHQWVZHUH FDUULHGRXW LQGHSHQGHQWO\ LQPO(UOHQPH\HU IODVNVFRQWDLQLQJJTXDUW]
VDQGV DQGPO OLTXLGPHGLXP7KHPHGLXP FRQWDLQHG J.+32  J 1+62  J&D&O J
1D&OJ1D12JRIXUHDJ1D('7$DQGJRI\HDVWH[WUDFWDVZHOODVPORIJOXFRVHV\UXS
$SHUOLWHUPHGLD7KHVDPSOHVZHUHLQRFXODWHGZLWKLQGLJHQRXVKHWHURWURSKLFEDFWHULDLVRODWHGE\7U\SWLFDVH6R\
$JDU76$'LIFR7KHIODVNVZHUHLQFXEDWHGXQGHUVWDWLFFRQGLWLRQVIRUPRQWKVDW&ZLWKWKHFRQWHQWVEHLQJ
VWLUUHGWRKRPRJHQL]HWKHVROXWLRQSULRUWRVDPSOLQJDQGFKHPLFDODQDO\VHV)LQHJUDLQHGIUDFWLRQVZHUHFROOHFWHGE\
VWLUULQJIRUVIROORZHGE\GHFDQWLQJRIWKHOHDFKVROXWLRQDQGE\ZDVKLQJRITXDUW]VDQGVZLWKGLVWLOOHGZDWHU7KH
ILQHVZHUHFROOHFWHGE\ILOWUDWLRQȝPSRUHVL]H7KHVSHQGPHGLDOHDFKDWHVZHUHVDPSOHGDIWHUPLQXWHVRI
FHQWULIXJDWLRQDWUSP7KHOHDFKDWHVZHUHFROOHFWHGWKUHHWLPHVDOZD\VDIWHUWKHUHSODFHPHQWRIWKHFXOWXUH
VROXWLRQPOGXULQJWKHELROHDFKLQJH[SHULPHQW$SSURSULDWHDELRWLFFRQWUROVGLGQRWUHFHLYHDQLQRFXOXPDQG
RUJDQLF VRXUFHEXWZHUH LQFOXGHGXQGHURWKHUZLVH VLPLODUFRQGLWLRQV%LROHDFKLQJH[SHULPHQWVDQGDQDO\VHVZHUH
FRQGXFWHGLQWULSOLFDWHDQGWKHSUHVHQWHGGDWDDUHWKHDYHUDJHGYDOXHVRIWKHPHDVXUHPHQWV
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5HVXOWVDQGGLVFXVVLRQV
3.1. Laboratory bioleaching and elutriation of quartz sands   
1DWXUDOO\RFFXUULQJTXDUW]VDQGVFRQWDLQYDULRXVILQHLURQVLOLFDWHFDUERQDWHDQGFOD\PLQHUDOVZKLFKDUHFRDWHGRQ
TXDUW] JUDLQV RU DUH LPSUHJQDWHG LQ WKH VLOLFDWHPDWUL[ DV SRO\PLQHUDOVPL[WXUH DJJORPHUDWHV7KUHH W\SHV RI WKH
GLIIHUHQWVDQGPDWHULDOVZHUHXVHGLQODERUDWRU\WHVWVTXDUW]VDQGVZLWKNDROLQLWHLOOLWHHQFDSVXODWHGDQGVHDOHGE\
JRHWKLWH 4 TXDUW] VDQGVZLWK SKHQJLWH NDROLQLWH HQFDSVXODWHG DQG VHDOHG E\ VLGHULWH 4 TXDUW] VDQGVZLWK
JODXFRQLWHHQFDSVXODWHGDQGVHDOHGE\FOLQRSWLOROLWHDQG)HVPHFWLWH4$VFDQEHVHHQIURPWKHUHVXOWVLQ7DEOH
 WKH H[WHQW RI LURQ UHPRYDOZDV KLJKHU LQ VDPSOHV4 DQG4ZKHUH JRHWKLWH DQG VLGHULWHZLWK FOD\PLQHUDOV
FRYHUHGTXDUW]SDUWLFOHVWKDQLQVDPSOH4ZLWKKLJKHUPLFDFRQWHQWLQWKHIRUPRIJODXFRQLWH

7DEOH&RPSDULVRQRILURQFRQWHQWEHIRUHDQGDIWHUELROHDFKLQJWUHDWPHQWLQTXDUW]VDQGV

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)LJ;UD\DQDO\VLVRIWKHILQHIUDFWLRQHOXWULDWHGIURPXQWUHDWHGTXDUW]VDQGV4$DQGIURPELROHDFKHGTXDUW]VDQGV
%&&KFKORULWH,LOOLWH.NDROLQLWH4TXDUW]$SODJLRFODVH)IHOGVSDU

7KHSUHVHQFHRIEDVDOLOOLWHDQGNDROLQLWHUHIOHFWVLQWKHILQHIUDFWLRQRI4ZLWKYHU\ORZLQWHQVLWLHVLQ;5'SDWWHUQV
DQG FRQILUPHG WKH GLVRUGHUHG VWUXFWXUH RI ERWK PLQHUDOV )LJ $ +RZHYHU WKH REVHUYHG GLIIHUHQFHV LQ ;5'
SDWWHUQVRIWKHILQHIUDFWLRQIURPTXDUW]VDQGVEHIRUHDQGDIWHUELROHDFKLQJZHUHHYLGHQWO\GXHWRWKHIRUPDWLRQRID
ILQH DPRUSKRXV SKDVH )LJ % &  7KHVH DPRUSKRXV ILQHJUDLQHG IUDFWLRQV  ZLWK )HEHDULQJ DQG FOD\
PLQHUDOVZHUHVXEVHTXHQWO\UHPRYHGE\ZDVKLQJSURFHVVDQGWKHLQGHSHQGHQWLURQPLQHUDOVZHUHUHPRYHG
E\PDJQHWLFVHSDUDWLRQ)LJ%LROHDFKLQJUHVXOWHGLQDGHFUHDVHLQWKH)HFRQWHQWRITXDUW]VDQGV7DEOH
WKH VXEVHTXHQWZDVKLQJSURFHVVGHFUHDVHG WKH)H FRQWHQW RI WKHTXDUW] VDQG IURP WR)H2DQGWKH
PDJQHWLF VHSDUDWLRQGHFUHDVHG WKH)H FRQWHQWRI WKHTXDUW] VDQG IURP WR)H2âW\ULDNRYi HW DO

7KHRWKHU W\SHVRITXDUW] VDQGV4FRQWDLQLQJPLQHUDO LPSXULWLHVZHUHDOVRVXFFHVVIXOO\ WUHDWHGZLWKELROHDFKLQJ
DQG ZDVKLQJ  ,Q WKH SURFHVV SRRUO\ FU\VWDOOLQH )HR[LGHV WKDW VHDOHG VLGHULWH QRGXOHV ZHUH UHOHDVHG GXH WR WKH
EDFWHULDODFWLRQIURPLQWHUJUDQXODUVSDFHRITXDUW]VDQGV%LROHDFKLQJUHVXOWHGLQDGHFUHDVHLQWKH)HFRQWHQW
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RITXDUW]VDQGV7DEOHDQGWKHVXEVHTXHQWHOXWULDWLRQSURFHVVGHFUHDVHGWKH)HFRQWHQWRI WKHTXDUW]VDQGIURP
WR)H27KHVH)HR[LGHVIRUPHGDILQHJUDLQHGIUDFWLRQZLWK)HEHDULQJPLQHUDOVDQGDOVRILQHPLFD
IUDFWLRQDIWHUELROHDFKLQJZHUHVXEVHTXHQWO\UHPRYHGE\ZDVKLQJSURFHVVâW\ULDNRYiHWDO


)LJ;UD\DQDO\VLVRIWKHPDJQHWLFIUDFWLRQRIXQWUHDWHGTXDUW]VDQGV4$DQGELROHDFKHGTXDUW]VDQGV%&4TXDUW]$±SODJLRFODVH)
±.IHOGVSDU*±JDUQHW$PDPSKLEROH7±WRXUPDOLQH*KJRHWKLWH

%LROHDFKLQJRI4ZDVDOVRHIIHFWLYHEHFDXVH LWFRQWDLQHGDKLJKHU LURQFRQFHQWUDWLRQ WKDQ4DQG4 WKDW LV
ZK\ UHVXOWHG LQ DERXW  GHFUHDVH RI WKH )H FRQWHQW 7DEOH  7KH LURQ FRQFHQWUDWLRQ ZDV GHSHQGHQW RQ
JODXFRQLWHDVVRFLDWHGZLWK)H


)LJ;UD\DQDO\VLVRIXQWUHDWHG4$PDJQHWLFDOO\VHSDUDWHG4%ELROHDFKHG4&DQGILQHIUDFWLRQHOXWULDWHGIURPELROHDFKHGTXDUW]
VDQGV4'4TXDUW]$±SODJLRFODVH0±)HVPHFWLWH*±JODXFRQLWH&±FOLQRSWLOROLWH
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7KH4LVW\SLFDOO\GRPLQDWHGE\JODXFRQLWHRYHU)HVPHFWLWH7KHVDPSOHFRQWDLQHGTXDUW]
GRPLQDWHGRYHUSODJLRFODVH)LJ$7KHSDUWRIJODXFRQLWHKDVEHHQUHPRYHGE\PDJQHWLFVHSDUDWLRQ)LJ%
$IWHUWKHELROHDFKLQJRIWKH4TXDUW]VDQGVLQIODVNVWKH)H2FRQWHQWGHFUHDVHGIURPWR)ROORZLQJ
WKH ELROHDFKLQJ WKH ZDVKLQJ RI 4 UHVXOWHG LQ XS WR  GHFUHDVH LQ WKH )H2 FRQWHQW RI WKH VDPSOH 7KH
PLQHUDORJLFDOFRPSRVLWLRQRI WKHUHPRYHGILQHUIUDFWLRQZDVVLJQLILFDQWO\GLIIHUHQWIURPWKHTXDUW]VDQGVEHFDXVH
WKHDPRXQWRITXDUW]GHFUHDVHGZKHUHDVFOLQRSWLOROLWHZHUHHQULFKHG)LJ',WLVTXHVWLRQDEOHZKHWKHUWKHVOLJKW
GLIIHUHQFHV LQ PLQHUDORJLFDO FRPSRVLWLRQ EHIRUH DQG DIWHU ELROHDFKLQJ HJ WKH LQFUHDVH RI WKH LQWHQVLW\ RI
FOLQRSWLOROLWH FDQ EH DWWULEXWHG WR EDFWHULDO GHFRPSRVLWLRQ RU UHOHDVLQJ RI FOLQRSWLOROLWH DQG ELRIRUPDWLRQ RI WKH
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